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PURPOSE: To produce a new phosphorus-contg. epoxy resin 

which is flame- retardant and heat-resistant and generates ; , v c 

only small amount of toxic gas by reacting a specific f3j ^ 5j£ f 

phosphorus-contg. epoxy resin with a polyhydric phenol. . ,r K9? A , fTl 

CONSTITUTION: Diphenylphosphinylhydroquinone (formula l P'-"r j ^« «,-»-^-^6/«— -»,-"-^ (/) 

III) obtd. by reacting diphenylphosphine oxide (formula II) with " 1 ' 

1,4-benzoquinone is allowed to react with an epihalohydrin ^ 
(e.g. epichlorohydrin) in the presence of an alkali at 40-130° ^ 
C to give a phosphorus-contg. epoxy resin of formula I pr 
(wherein R1 and R2 are each H, lower alkyl, or halogen; and !^ 
(n) is an integer of 0-7), which is melt mixed with a 29 
polyhydric phenol (e.g. bisphenol A) at 160-230° C for 3-4hr, ^Spl IT| 

thus giving the objective phosphorus-contg. epoxy resin }*-{cS 
without using a catalyst This resulting epoxy resin is cured ^VC^-**^^ ; O 

by reacting it with a curative (e.g. 4,4- i: ' : * -q 

diaminodiphenylmethane) at room temp, to 200° C. ■.<*■} "<T 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] General formula [** 1] 




< t > 



(n is the integer of 0-7 among a formula.) Moreover, R1 and R2 are hydrogen, a low-grade alkyl group, 
or a halogen. The Lynn content epoxy resin to which the Lynn content epoxy resin expressed and 
polyhydric phenols are made to come to react. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the new Lynn content epoxy resin which has fire 

retardancy and thermal resistance. 

[0002] 

[Background of the Invention] The epoxy resin is widely used for an insulating material, a laminate, a 
closure ingredient, a molding material, composite material, etc., and thermal resistance and fire 
retardancy are searched for. 

[0003] Therefore, in order to give flameproofing and heatproof-ization to an epoxy resin until now, an 
aromatic compound (JP,61-13495,A) or an aliphatic series ether compound (JP.62-22321 5,A) for 
making it react as a flame retarder to add with bromine-ized epoxy compounds, such as diglycidyl 
ether of ** tetra-bromine bisphenol A and poly glycidyl ether of a bromine-ized phenol novolak, ** 
epoxy resin, and the phosphoric ester mold compound and ** epoxy resin that do not react, and 
building the Lynn atom into an epoxy resin etc. is known. 

[0004] However, although the bromine-ized epoxy compound could give flameproofing to the epoxy 
resin, thermal stability and reinforcement fell and the epoxy resin with which the bromine-ized epoxy 
compound was added had the trouble that a toxic gas occurred in case of a fire. Moreover, an epoxy 
resin and the epoxy resin with which the phosphoric ester mold compound which does not react was 
added have the trouble of a water resisting property, thermal resistance, etc. falling. 
[0005] Thus, while excelling in fire retardancy, an appearance of the epoxy resin excellent in thermal 
resistance and a water resisting property is desired. In order to attain the above-mentioned purpose, 
this invention persons made various compounds react to the Lynn content epoxy resin, compounded 
many epoxy resins, and they examined those fire retardancy and thermal resistance wholeheartedly. 
Consequently, the epoxy resin which has the Lynn atom in a side chain has fire retardancy and 
thermal resistance, and it finds out that there is also little generating of a toxic gas, and came to 
complete this invention. 
[0006] 

[Objects of the Invention] This invention tends to solve the trouble in the above conventional 
techniques, and it aims at offering the epoxy resin excellent in thermal resistance etc. while excelling 
in fire retardancy. 
[0007] 

[Summary of the Invention] That is, the Lynn content epoxy resin concerning this invention is [0008]. 



[Formula 2] 
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[0009] (n is the integer of 0-7 among a formula.) Moreover, R1 and R2 are hydrogen, a low-grade 
alkyl group, or a halogen. It is characterized by making the Lynn content epoxy compound expressed 
and polyhydric phenols come to react 
[0010] 

[Detailed Description of the Invention] The Lynn content epoxy resin concerning this invention is 
explained concretely below. The Lynn content epoxy compound shown by the following formula (I) 
first used as a raw material by this invention is explained. 
[0011] 
[Formula 3] 




< i ) 



[0012] (n is the integer of 0-7 among a formula.) Moreover, R1 and R2 are hydrogen, a low-grade 
alkyl group, or a halogen. R1 and R2 may be the same, and they may differ. 
[0013] However, when R1 and R2 are a low-grade alkyl group and a halogen, if R1 is the meta 
position, R2 permutes R2 by the meta position at the para position, if R1 is the para position. 
Specifically as a low-grade alkyl group, a methyl group, an ethyl group, n-propyl group, an isopropyl 
group, etc. are mentioned. 

[0014] Moreover, a fluorine, chlorine, a bromine, iodine, etc. are mentioned as a halogen, although n is 
0-7 as mentioned above — desirable — 0-5 — it is zero to about three especially preferably. 
[0015] The diphenyl phosphinyl hydroquinone shown by the general formula (III) which faces 
manufacturing such a Lynn content epoxy compound, and is used as a raw material is 
(Zh.Obshch.Khim.) and 42 (11), The 241 5-241 8th By the approach given in a page (1972), diphenyl 
phosphine oxide and the 1, 4-benzoquinone which are shown by the general formula (II) are made to 
react, and it is obtained. 
[0016] 
[Formula 4] 




<"> on) 



[0017] The Lynn content epoxy compound shown by the general formula (I) and (formula Naka n=0-7) 
can be manufactured by making the diphenyl phosphinyl hydroquinone shown by the formula (III) 
obtained as mentioned above, and epihalohydrin react 
[0018] 
[Formula 5] 

o oo 

n ft « ji 

(Fir) OH 

< I ) ( n = 0 - 7 > 
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[0019] (Ph shows a phenyl group among a formula) The reaction of such diphenyl phosphinyl 
hydroquinone and epihalohydrin makes an addition reaction and a dehalogenation hydrogen reaction 
perform at once under existence of alkali. 

[0020] As epihalohydrin, although epichlorohydrin, EPIBUROMUHI drine compounds, 
EPIYODOHIDORIN, etc. are used, specifically, industrially, epichlorohydrin is desirable. 
[0021] The molecular weight of the epoxy resin obtained is determined by the amount used, a 
reaction condition, etc. of epihalohydrin. In many cases, depending on the above reactions, the 
compound which is n=0-7 among a formula is obtained. 

[0022] As alkali, although a sodium hydroxide, a potassium hydroxide, a calcium hydroxide, potassium 
carbonate, etc. are mentioned, specifically, a sodium hydroxide and a potassium hydroxide are usually 
used. 

[0023] 0.8-2.0 mols of alkali are usually preferably used in the amount of 1.0-1.7 mols to 1Eq of 
phenolic hydroxyl groups of the diphenyl phosphinyl hydroquinone shown by said formula (III). 
[0024] 40-130 degrees C of reaction temperature are 80-120 degrees C preferably. Reaction time is 
for 90 - 120 minutes preferably for 30 minutes to 3 hours. Filtration etc. removes the salt which 
carried out the byproduction after reaction termination, and if superfluous epihalohydrin is distilled 
off, or it dissolves in a suitable solvent, it rinses and a salt and superfluous alkali are removed, the 
epoxy resin of this invention will be obtained. 

[0025] moreover, the diphenyl phosphinyl hydroquinone shown by the formula (III) as the Lynn 

content epoxy compound which are a general formula (I) and (among [ n= 0 ] a formula) is shown 

below — the so-called Williamson — after considering as diaryl ether by law, and carrying out 

epoxidation directly or making a hypochlorous acid act, it can manufacture by carrying out a ring 

closure and considering as diglycidyl ether with alkali. 

[0026] 

[Formula 6] 

o o 

ii ii 

.pph 2 y nh 2 



HO 

CUD 




0 

M 

PPh 2 0x 

( n = 0 > 
< I ) 

[0027] (Ph shows a phenyl group among a formula) In a general formula (I), the epoxy compound 
whose n is two or more can be manufactured by making the epoxy compound which are the general 
formula (I) obtained as mentioned above and (among [ n= 0 ] a formula), and the diphenyl phosphinyl 
hydroquinone shown by the formula (III) react. 
[0028] 
[Formula 7] 
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[0029] (Ph shows a phenyl group among a formula) At this reaction, the molecular weight of the 
epoxy compound obtained changes by changing the mole ratio of a reaction raw material. 
[0030] If this reaction is exothermic reaction, melting mixing of the 160-250 degrees C of both the 
components is preferably carried out at 190-200 degrees C and melting mixture is maintained to this 
temperature, a polyaddition reaction will advance. 

[0031] Even if such a reaction does not use catalysts, such as inorganic alkali compounds, such as a 
sodium hydroxide and a sodium carbonate, an ammonium compound, an imidazole, and triphenyl 
phosphine, it advances smoothly. For this reason, in the epoxy resin obtained, a catalyst cannot 
remain but the fall of physical properties can be avoided. 

[0032] Although the terminal point of a reaction measures the weight per epoxy equivalent of the 
epoxy compound obtained with time and considers it as the stable place, generally reaction time is 
about 3-4 hours. In addition, there was a trouble of use of catalysts, such as the above inorganic 
alkali compounds, an ammonium compound, an imidazole, and triphenyl phosphine, being indispensable, 
and moreover remaining in the epoxy compound obtained by*the conventionally well-known 
manufacture approach of an epoxy compound, especially thexonventionally well-known manufacture 
approach of an epoxy compound according to law two steps since removal of the catalyst after a 
reaction is difficult. 

[0033] Next, the polyhydric phenol used as a raw material by this invention is explained. As a 
polyhydric phenol, dihydroxybenzene, these alkyl compounds, nucleus halogenation objects, etc., such 
as screw (p-hydroxyphenyl) alkanes [, such as a 2 and 2'-screw (p-hydroxyphenyl) propane 
[bisphenol A] and screw (p-hydroxyphenyl) methane [Bisphenol F] ] and these nucleus halogenation 
object, 1, and 3-dihydroxybenzene (resol), are used, for example, and bisphenol A is used preferably. 
[0034] The Lynn content epoxy resin concerning this invention is obtained by the reaction of the 
Lynn content epoxy compound and polyhydric phenol which are shown by the above-mentioned 
formula (I). The reaction of the Lynn content epoxy compound and a polyhydric phenol carries out 
melting mixing of the 160-230 degrees C of both at 190-200 degrees C preferably, and is performed 
by a polyaddition reaction advancing by maintaining melting mixture to this temperature. 
[0035] Even if such a reaction does not use catalysts, such as inorganic alkali compounds, such as a 
sodium hydroxide and a sodium carbonate, an ammonium compound, an imidazole, and triphenyl 
phosphine, it advances smoothly. For this reason, in the epoxy resin obtained, a catalyst cannot 
remain but the fall of physical properties can be avoided. 

[0036] Although the terminal point of a reaction measures the weight per epoxy equivalent of the 
epoxy resin obtained with time and considers it as the stable place, generally reaction time is about 3 
- 4 hours. When a polyhydric phenol is a 2 and 2'-screw (p-hydroxyphenyl) propane (bisphenol A), it 
is presumed that the reaction of the Lynn content epoxy compound and polyhydric phenol which are 
shown by the above-mentioned formula [I] (the inside R1 and R2 of a formula is hydrogen) advances 
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like the following formula. 

[0037] 

[Formula 8] 

0 

II 




CH 



0 
II 




fettK 
200'C 




[0038] (n is the integer of 0-7 among a formula, and m is the integer of 0-5.) The epoxy resin 
concerning above this inventions can be hardened conventionally like a well-known epoxy resin using 
a curing agent 

[0039] Especially as a curing agent, an amine system compound, an acid anhydride, phenol system-- 
novolaks, these derivatives, etc. are used, without being restricted. Although hardening conditions 
change with classes of curing agent, the range of curing temperature is usually 200 degrees C from 
ordinary temperature, and the setting time is several 10 hours from several minutes. 
[0040] A bulking agent, a pigment, a plasticizer, a diluent, an extending agent, a flexible grant agent, 
other flame retarders, etc. can be blended and used for the epoxy resin concerning this invention. 
Such an epoxy resin can be used effective in the field, for example, an insulating material, as which 
burning resistance and fire retardancy are required, a laminate, a closure ingredient, a molding 
material, composite material, etc. 

[0041] In addition, if diluents, such as 1,4-butanediol diglycidyl ether (BGE), may be added and it does 
in this way, in the Lynn content epoxy resin concerning this invention, the Lynn content epoxy resin 
becomes soft, and it can mix with a curing agent to it at homogeneity. 
[0042] 

[Effect of the Invention] The Lynn content epoxy resin concerning this invention is excellent also in 
thermal resistance while it is excellent in fire retardancy, and there is also little generating of a toxic 
gas in case of a fire. And the Lynn content epoxy resin concerning this invention can be 
manufactured, without using a catalyst 

[0043] Therefore, the Lynn content epoxy resin concerning this invention can be used effective in 
the insulating material and laminate with which fire retardancy and thermal resistance are demanded, 
a closure ingredient, a molding ingredient, composite material, etc. 

[0044] Hereafter, although an example explains this invention, this invention is not limited to these 

examples. 

[0045] 
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[Example 1] 

After teaching diphenyl phosphinyl hydroquinone 21 7g and epichlorohydrin 1300g to the manufacture 
thermometer of the epoxy resin which are a general formula (I) and (among [ n= 0 ] a formula), the 
stirrer, and the reaction container furnished with a tap funnel and performing a nitrogen purge, it 
heated to 105 degrees C. Subsequently, 175g of sodium-hydroxide water solutions was dropped over 
30 minutes 48%. Reaction temperature was kept at 100-110 degrees C in the meantime, and it stirred 
at this temperature further for 1 hour. 

[0046] When **** filtered and obtained was condensed after reaction termination, the transparent 
half-solid epoxy resin was obtained in light yellow. It recrystallized [ butanol ] and the white crystal 
was obtained, after rinsing by having dissolved this by benzene 1500ml and distilling off benzene. 
[0047] The yield of 204g, the melting point of 143.0-145.5 degrees C, and the weight per epoxy 
equivalent of this thing were 219 g/eq. The following result was obtained when an infrared absorption 
spectrum, an NMR spectrum, and elemental analysis analyzed the obtained white crystal. 
[0048] That is, the infrared absorption spectrum was as being shown in drawing 1 . Moreover, by the 
NMR spectrum, the ratio of the absorption of a hydrogen atom based on the benzene ring was 13:10 
(theoretical-value 13:10). 

[0049] Moreover, the results of elemental analysis were 68.5% (68.2% of theoretical values) of carbon, 
5.4% (5.5% of theoretical values) of hydrogen, and Lynn 7.6% (7.3% of theoretical values). From these 
results, it was checked that the obtained white crystal is diphenyl phosphinyl hydroquinone diglycidyl 
ether (it is equivalent to the epoxy resin which is n= 0 in a general formula (I)). 
[0050] Moreover, it was checked from the analysis result of liquid chromatography that the above- 
mentioned white crystal contains diphenyl phosphinyl hydroquinone diglycidyl ether in 99.7% or more 
of purity. 

[0051] Diphenyl phosphinyl hydroquinone diglycidyl ether (weight-per-epoxy-equivalent 219 g/eq) 
844g and bisphenol A which were obtained as mentioned above by the 4 Thu openings flask equipped 
with an agitator, a cooling pipe, nitrogen gas installation equipment, and a thermometer 228g was 
taught, and nitrogen gas was heated to 200 degrees C with the sink, and was changed into the 
transparence melting condition. It stirred for 4 hours, maintaining at this temperature, and reacted. 
[0052] The obtained solid-state-like Lynn content epoxy resins were 645g of weight per epoxy 
equivalent, and eq. Thus, to the obtained Lynn content epoxy resin, BGE as a diluent was added in 
the amount as shown in Table 1, DDM (4 and 4'-diamino diphenylmethane) was further added as a 
curing agent to it, it heated at 140 degrees C to it for 2 hours, and the epoxy resin hardening object 
was manufactured to it. : ^ ^ 

[0053] About the acquired epoxy resin hardening object, thermal resistance was measured by A law 
of JIS K-6911 (1979) thermal resistance. Moreover, the glass transition temperature of this epoxy 
resin hardening object was measured. A result is shown in Table 1. in addition — Table 1 — epoxy 
resin hardening — Lynn / bromine content in the living body (%) are shown collectively. 
[0054] 

[The example 1 of a comparison] They are Epicoat 828 [product [ made from oil-ized Shell ], 
bisphenol A mold epoxy resin (polyfunctional epoxy resin), and weight-per-epoxy-equivalent 188 
g/eq] 608g, and tetra-bromine bisphenol A like an example 1. The solid-state-like epoxy resin 
obtained from 435g was weight-per-epoxy-equivalent 713 g/eq. 

[0055] About the obtained epoxy resin, thermal resistance was measured like the example 1. 
[0056] 

[The example 2 of a comparison] Epicoat 828 [product [ made from oil-ized Shell ], bisphenol A mold 
epoxy resin (polyfunctional epoxy resin), and weight-per-epoxy-equivalent 188 g/eq] 654g, and 
bisphenol A 182g was taught, and it heated to 120 degrees C, and changed into the transparence 
melting condition. 

[0057] 100 ppm 2-ethyl-4-methylimidazole was added to after [ this ] bisphenol A, temperature was 
raised to 170 degrees C, and the reaction was performed for 4 hours. The obtained solid-state-like 
epoxy resins were 577g of weight per epoxy equivalent, and eq. 

[0058] About the obtained epoxy resin, thermal resistance was measured like the example 1. 

[0059] 

[Table 1] 
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[0060] In addition, in a general formula (I), the manufacture approach of the Lynn content epoxy 

compound which is n= 2 is shown below. 

[0061] 

[The example of reference manufacture] 

Diphenyl phosphinyl hydroquinone diglycidyl ether (weight-per-epoxy-equivalent 219 g/eq) 760g 
obtained in the example 1 and diphenyl phosphinyl hydroquinone 279g were taught to the 4 Thu 
openings flask furnished with the manufacture agitator, the cooling pipe, the nitrogen gas installation 
equipment, and the thermometer of the epoxy resin which are a general formula (I) and (among [ n= 
2 ] a formula), and nitrogen gas was heated to 200 degrees C with the sink, and was changed into the 
transparent melting condition. It maintained at this temperature and the reaction was performed for 4 
hours. 

[0062] The obtained solid-state-like epoxy compound was weight-per-epoxy-equivalent 804 g/eq, 
and was an epoxy compound which is n= 2 in the general formula (I). 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the infrared absorption spectrum of the epoxy compound (what it is shown by the 
general formula (I) and is among [ n= 0 ] a formula) used as a raw material by this invention. 



[Translation done.] 
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